Abstract Nodules from mungbean crop raised for the fi rst time at Ram Dhan Singh (RDS) farm of Chaudhary Charan Singh (CCS) Haryana Agricultural University, Hisar were collected from 17 different locations. Twentyfi ve mungbean rhizobia were isolated and authenticated by plant infection test. DNA of all these rhizobia was extracted purifi ed and amplifi ed using enterobacterial repetitive intergenic consensus (ERIC) primers. All the mungbean rhizobial isolates were clustered into 4 groups at 65% of similarity and were further divided into 17 subclusters at 80% of similarity. All the 4 types of rhizobia were not present at any of the location and group 2 or 4 rhizobia were invariably present. Effi cacy of these rhizobia in terms of nodulation, nitrogen uptake and chlorophyll a fl uorescence was determined under pot culture conditions. Strain MB 307 showed maximum nitrogen uptake of 31.9 mg N plant -1 followed by strain MB 1205, MB 1206(2), MB 308, MB 1524 and strain MB 1521 was found to be the least effi cient in terms of N 2 fi xation. Nodule occupancy by different rhizobia ranged from 5.5 to 40.3%. Most of the strains belonging to the 2nd group which clustered maximum number of strains were comparatively better competitors and formed 19.5-40.3% of the nodules and were also effective. Isolate MB 307, the most effi cient strain, was found to have nodule occupancy of 31.5%. Such type of predominant, effi cient and better competitor strains should be selected for enhancing nodule competitiveness.
Introduction
Biological nitrogen fi xation is an important component of sustainable agriculture and rhizobial inoculants have frequently been applied as biofertilizers. Enhanced competitive ability of an inoculant strain is a key requirement for successful colonization of plant roots, nodule formation and subsequent nitrogen fi xation. However, traditionally selected effi cient strains were found to be poor competitors in the presence of indigenous rhizobia of chickpea, pigeonpea, mungbean and urdbean under fi eld conditions of Chaudhary Charan Singh (CCS) Haryana Agricultural University, Hisar. The nodule occupancy by inoculant strains in these crops ranged from 8-21% [1] [2] [3] [4] .
Native legumes are potential sources of diverse indigenous rhizobial populations. Negligible reports on the molecular diversity of rhizobia infecting legumes of Indian origin and particularly mungbean (Vigna radiata (L. Wilczek) are available [5] . Studies on the molecular diversity of root nodule bacteria in rhizosphere, soil or nodules have been conducted to properly classify these rhizobia and also to correlate with promiscuity, symbiotic properties, effectiveness and competitiveness of these bacteria in different legumes but no conclusion has been drawn fi nally [6] [7] [8] [9] [10] . There may be differences between the population densities of different strains in soil and these differences may infl uence the outcome of nodulation. Dominance of a particular rhizobial strain in nodules may result from its higher abundance in soil as reported in Ensifer meliloti indigenous for a population [11] [12] [13] or may not be correlated [14] [15] [16] . Use of three predominant strains as inoculants showed that one strain formed majority of the nodules while the other two were minor occupants in the nodules. It has also been reported that plant preference for a particular strain can be masked by changing the population ratio of the two competing strains. A dominant strain showed 50% nodule occupancy [17] , and may have more persistence and its population tended to increase throughout the 4-year experimental period [18] . The possibility of use of molecular diversity of native rhizobia for selection of effi cient symbiotic Medicago to develop inoculants for management of agro-pastoral systems using local annual medics in Algeria was also explored [19] .
In the present study, molecular diversity of rhizobia isolated from mungbean crop grown for the fi rst time at RDS farm, CCS Haryana Agricultural University, as pasture lands were developed for seed production at this farm. Predominant types of rhizobia in the nodules of this crop were identifi ed and then their effectiveness and competitiveness were assessed to develop inoculants with better competitive ability.
Materials and methods

Isolation of mungbean rhizobia
Mungbean plants growing in RDS Farm, CCS Haryana Agricultural University, Hisar were uprooted from 17 sites and their nodules were used for isolation of rhizobia [20] and were maintained on yeast extract mannitol agar (YEMA) slants and stored at 7°C in a refrigerator for further studies. In this way 25 rhizobial isolates were obtained. All the rhizobial isolates were authenticated by plant infection test in test tubes [21] . All the 25 rhizobial isolates were selected for further studies.
Genomic DNA DNA was obtained from rhizobia grown in 10 ml of yeast extract mannitol (YEM) broth. The log phase cells were harvested and DNA was extracted by boiling method followed by purifi cation with phenol-chloroform [22] . Finally DNA was dissolved in 50-100 μl of TE buffer and quantifi ed.
Amplifi cation of ERIC by polymerase chain reaction DNA of all the mungbean rhizobia was amplifi ed by enterobacterial repetitive intergenic consensus (ERIC) sequence using ERIC-1R (5′ ATGTAAGCTCCTGGGGATTCAC 3′) and ERIC-2R (5′ AAGTAAGTGACTGGGGTGA GCG 3′) primers. Polymerase chain reaction (PCR)-based amplification for each 100 μl of reaction mixture included: PCR buffer (10X) 10 μl, 1.5 mM MgCl 2 (1X), 100-200 ng of pure genomic DNA, 100 pM of each primer, 25 μM each of the deoxynucleotide triphosphates (dNTPs), 3 units of Taq polymerase and the volume was made up with Milli-Q water. DNA amplifi cation was carried out with initial denaturation at 95ºC for 5 min, 30 cycles of denaturation at 94ºC for 1 min, annealing at 45ºC for 70s and extension at 72ºC for 4 min with a fi nal extension at 72ºC for 20 min followed with a fi nal cooling to 4ºC. Lid temperature was maintained at 105ºC. Amplifi ed products were analyzed by horizontal electrophoresis in 3% agarose gel at 100 V for 2 h 30 min and stained with ethidium bromide (0.5 μg ml -1 ). The gels were visualized under UV in gel documentation system.
Data analysis
The PCR product profi les were converted into two-dimensional binary matrices. The lanes were compared by reading horizontally across the gel. Similarity matrixes were constructed following SimQual coeffi cient and analyzed by unweighted pair grouping with mathematic average (UPGMA) cluster analysis using biostatistical analysis programme NT-SYS-pc programme 2.1 of Exeter Software USA [23] .
Effectiveness of mungbean rhizobia
To assess the N 2 fi xing effi ciency of mungbean rhizobia, a pot culture experiment was carried out using soils placed in 6-7 kg earthern pots. Analysis of the soil revealed that soil was sandy loam with soil pH 8.0 (H 2 O 1:2); organic C 0.39%; electrical conductivity 0.4 dS m -1 (H 2 O 1:2); total N 0.052%; phosphorus (Olsen) 10 ppm and 12 ppm as available N. Seeds of mungbean cultivar Asha were surface sterilized with 0.2% mercuric chloride for 2 min followed with alcohol [20] and sown in triplicates. Inoculum of log phase growing cultures of rhizobia (5 ml) containing 10 7 -10 8 cells per ml was added in each pot along with the seeds. A control was kept without Rhizobium inoculation. After germination four plants were maintained in each pot. Pots were irrigated on alternate day or as and when required. After 55 days of growth, plants were uprooted and nodule number, nodule fresh weight, nodule occupancy, shoot and root dry weight and total nitrogen content in shoots was determined. Before uprooting plants, at 55 days of growth, chlorophyll a fl uorescence was measured. Shoot and root samples were dried at 80°C. Total nitrogen content of the mungbean plants was estimated by Kjeldahl's steam distillation method [24] .
Nodule occupancy of mungbean rhizobia Nodules were detached from the roots and were surface sterilized with 0.1% mercuric chloride for 2 min followed with alcohol [20] . Nodules were crushed and streaked on YEMA plates with and without 200-400 μg ml -1 of streptomycin. Rhizobia resistant to streptomycin were further assessed for ERIC-PCR banding pattern. Nodule occupancy of only selected eight strains was determined.
Chlorophyll a fl uorescence measurements Chlorophyll a fl uorescence was measured in mungbean plants. In each pot, 3 measurements were recorded. A compact, portable plant effi ciency analyzer (PEA -Hansatech, UK) was used to measure chlorophyll a fl uorescence as detailed earlier [25] .
Results
All the mungbean rhizobial isolates were purifi ed and authenticated by plant infection test in test tubes using mungbean seeds of Asha cultivar. The diversity of mungbean rhizobial isolates was studied by amplifi cation of ERIC sequence in rhizobial DNA using PCR. There were 7-12 bands of different intensity and molecular weights in different isolates and in total there were 16 bands. All the mungbean rhizobial isolates were clustered into 4 groups at 65% of similarity with other clusters (Fig. 1) (1) . However at 80% of similarity these four clusters were further divided into 17 subclusters. Isolates picked from the same nodule do not show 100% similarly as in case of MB 1541(1) and MB 1541(2); and MB 1206(1) and MB 1206(2). However, two isolates from different nodules of the same plant showed 100% similarity and these isolates were: MB 1102 and MB 1110(1); MB 1541(2) and MB 1542 (2) . Depending upon the site of RDS farm from where rhizobia were isolated, the distribution of different groups of rhizobia showed that 1-3 groups of rhizobia were present at different locations. It was observed that individual groups of rhizobia were present at one site and rhizobia belonging to cluster 2 or 4 were present at all the sites (Table 2) .
To determine the effectiveness and competitiveness of mungbean rhizobia in relation to their relative abundance in the root nodules of mungbean, experiment was conducted under pot culture conditions. All mungbean rhizobia along with standard strain S-24 were used as inoculants for Asha cultivar of mungbean. After 55 days of growth, its nodulation, chlorophyll a fl uorescence, nodule occupancy and nitrogen uptake by mungbean plants was determined. Strain MB 307 formed highest number of 43 nodules per plant as compared to 9 nodules in control ( . After 55 days of growth, chlorophyll a fl uorescence was also measured. Fast fl uorescence, data indicative of efficiency of photosystem II and N 2 fi xation was highest in MB 307 followed by strains MB 1205, MB 1102, MB 308 and MB 1206 (2) and lowest in control (Fig. 2) .
Nodule occupancy of only selected mungbean rhizobia, which were resistant to streptomycin of 400 μg ml -1 , belonging to different clusters was also determined. Isolate MB 306 showed the lowest nodule occupancy of 5.5% (Table 4 ). Mungbean rhizobia of cluster 2 showed nodule occupancy ranging from 19.5 to 40.3% by strains MB 1211 and MB 1503 respectively. Isolate MB 307, the most effi cient strain was found to have nodule occupancy of 31.5%. Table 5 shows that the relatedness of effectiveness with nodule occupancy and nitrogen uptake by plants was highly correlated with all the parameters.
Discussion
Little is known about the molecular diversity of rhizobia infecting different legumes in India, though the functional diversity of indigenous rhizobia is well known [26] . Therefore, in the present study the molecular diversity of mungbean rhizobia in nodules was assessed and their effectiveness and competitiveness was also determined. The molecular diversity was assessed using amplifi cation of ERIC fragments by PCR. Depending upon the similarity coeffi cient and UPGMA analysis mungbean rhizobia were grouped into 4 groups at a similarity level of 65% and into 17 groups at a similarity level of 80% indicating an immense molecular diversity of mungbean nodule bacteria as has been shown in other rhizobia using random ERIC and REP fragments [18, [27] [28] [29] [30] [31] [32] . Studies on the genetic diversity and phylogeny of slow-growing rhizobia isolated from Vigna radiata at main ecotypes of China were reported using 16S rRNA gene PCR-restriction fragment length polymorphism (RFLP), 16S rRNA gene sequencing and 16S-23S rRNA IGS PCRrestriction fragment length polymorphism (RFLP) assays [33] . All the strains clustered into three groups at the similarity of 76%. Group I contains 13 slow-growing rhizobia; Group II consists of 21 strains closely related to B. japonicum and B. liaoningense, and group III isolates were closely related to B. elkanii. Diversity in the rhizobia was observed from the isolates made even from same nodules of a plant. Rhizobia isolated from different plants and different sites were dissimilar as reported earlier in other rhizobia [6] . Mungbean rhizobia belonging to 2nd cluster were predominant ones while other groups were less represented. Depending upon the site of RDS farm from where rhizobia were isolated, the distribution of different groups of rhizobia showed that 1-3 groups of rhizobia were present at different locations. At two locations three groups were present and at these locations native nodulations was comparatively better. It was observed that individual groups of rhizobia were present at one site and rhizobia belonging to cluster 2 or 4 were present at all the sites. In case of Bradyrhizobium infecting tree legume, bradyrhizobial strains were clustered into 16 groups with six predominant groups [34] . Further symbiotic characterization of these rhizobia showed that mungbean rhizobia differed in number of nodules formed, nodule fresh weight, root dry weight, shoot dry weight and total N uptake by plant. Such variability in nitrogen fi xation effi ciency among various native rhizobial isolates has been reported earlier [18, 26] . Within a cluster, rhizobial strains showed varied effectiveness and the most effi cient strain MB 307 belonged to 2nd predominant cluster indicating that all the predominant strains may not be effective, therefore, among these predominant types, the effective strains such as MB 307 should be selected. Percentage of nodules formed by the inoculant strains as assessed by streptomycin resistance and further confi rmed by ERIC-PCR DNA fi ngerprinting also varied from different rhizobial isolates. An effi cient strain may or may not be competitive as indicated by strain MB 307, which was the most effi cient strain but had nodule occupancy of 31.5%, as compared to MB 1503 strain which had highest nodule occupancy of 40.3%. Similarly, the most competitive strain may not be an effective strain as indicated by strain MB 1503 which showed 7.4 mg nitrogen uptake per plant while had a nodule occupancy of 40.3%. Other workers reported that nodule-dominant genotypes from soil populations do not necessarily show superior competitiveness for nodulation compared to minor occupants when evaluated [14, 35] . In case of chickpea, by using such type of molecularly predominant rhizobia under different locations could enhance nodule occupancy by 15% as observed in case of traditionally selected rhizobia [36] . Predominant strains of mungbean rhizobia were relatively more or even most effi cient and effective in nodulation and nitrogen fi xation and were also better to the strains having highest nodule occupancy. High level of genetic diversity of mungbean rhizobia at RDS farm also strongly encourages other studies of rhizobial diversity in India. Mungbean isolates from nodules were moderate to good competitor and this may just either refl ect their prevalence in soil which may be due to their ability to survive in the soil under prevailing environmental conditions where the ambient temperature ranges from -2 to 47°C or other strong saprophytic competitive ability in the absence of host plant, as mungbean crop was raised for the fi rst time. This could be true otherwise also, i.e. such rhizobia may not necessarily be dominant in bulk soil but they are better competitors. Selection of the symbiotically most effi cient mungbean rhizobia among the predominant ones may prove to be a better way of selecting rhizobia with a better competitive ability as has been proven in the case of chickpea rhizobia.
